Trichodiene synthase. Probing the role of the highly conserved aspartate-rich region by site-directed mutagenesis.
Trichodiene synthase catalyzes the cyclization of farnesyl diphosphate to the sesquiterpene hydrocarbon trichodiene. The enzyme normally requires a divalent cation, Mg2+, which can be substituted by Mn2+. Trichodiene synthase from Fusarium sporotrichioides has a highly conserved aspartate rich region, aa 100-104 (DDSKD). Three mutants were constructed by site-directed mutagenesis in which each aspartate residue was individually replaced by glutamate. The mutants were each overexpressed and purified to homogeneity. The importance of Asp100 and Asp101 for catalysis was established by the observation of an increase in Km as well as a reduction in kcat in the corresponding Glu mutants. Replacement of the Asp104 residue with Glu had little effect on either Km or kcat. All three mutants produced anomalous sesquiterpene products in addition to trichodiene when incubated with farnesyl diphosphate. Interestingly, when Mg2+ was replaced by Mn2+ in the incubation buffer, the kcat/Km of both wild type trichodiene synthase and the D104E dropped significantly, while those of the other two mutants were not much affected. The proportion of anomalous products increased significantly when the D100E and D101E mutants were incubated in the presence of Mn2+. These observations all lend weight to the proposal that the aspartate residues mediate substrate binding by chelation of the divalent metal ion. Asp100 and Asp101 appear to play a relatively more important role than Asp104.